Accumulation of DNA damage in complex normal tissues after protracted low-dose radiation.
The biological consequences of low levels of radiation exposure and their effects on human health are unclear. Ionizing radiation induces a variety of lesions of which DNA double-strand breaks (DSBs) are the most biologically significant, because unrepaired or misrepaired DSBs can lead to genomic instability and cell death. Using repair-proficient mice as an in vivo system we monitored the accumulation of DNA damage in normal tissues exposed to daily low-dose radiation of 100mGy or 10mGy. Radiation-induced foci in differentiated and tissue-specific stem cells were quantified by immunofluorescence microscopy after 2, 4, 6, 8, and 10 weeks of daily low-dose radiation and DNA lesions were characterized using transmission electron microscopy (TEM) combined with immunogold-labeling. In brain, long-living cortical neurons had a significant accumulation of foci with increasing cumulative doses. In intestine and skin, characterized by constant cell renewal of their epithelial lining, differentiated enterocytes and keratinocytes had either unchanged or only slightly increased foci levels during protracted low-dose radiation. Significantly, analysis of epidermal stem cells in skin revealed a constant increase of 53BP1 foci during the first weeks of low-dose radiation even with 10mGy, suggesting substantial accumulations of DSBs. However, TEM analysis suggests that these remaining 53BP1 foci, which are predominantly located in compact heterochromatin, do not co-localize with phosphorylated Ku70 or DNA-PKcs, core components of non-homologous end-joining. The biological relevance of these persistent 53BP1 foci, particularly their contribution to genomic instability by genetic and epigenetic alterations, has to be defined in future studies.